A response surface methodology approach was used to determine optimum conditions for the osmotic dehydration of carrot cubes in sugar beet molasses. Treatment times were set to 1, 3, and 5 hours, at tempertures of 45, 55, and 65 °C and molasses concentrations were 40, 60, and 80% (w/w 50-60%, water loss 0.7-0.8, solid gain 0.08-0.09, and water activity 0.84-0.86. The optimum conditions generated were: treatment time of 4 hours, temperature of 60 °C, and sugar concentration of 66% (w/w).
Introduction
The main purpose of post-harvest handling of agricultural products is to maintain its quality and the reduction of losses, due to organic decomposition. Processing of fruits, as well as preservation, are necessary for the production, drying is one of the oldest, also least expensive techniques developed for that purpose.
Many studies are concerned with recent developments of new drying methods and techniques, that are continually developing, and the ultimate aim is to keep the initial characteristics of final product (such as vitamins content, natural color and flavors, essential amino acids content). Osmotic dehydration is an environmentally acceptable, material gentle drying method, which received considerable attention because of the low processing temperature, base waste material, and low energy requirement [1, 2] .
Osmotic dehydration is a water removal process, based on soaking foods (fruit, vegetable, meat, and fish) in a hypertonic solution. Water removal in liquid form, usage of mild temperatures and osmotic solution reusing are main advantages of osmotic dehydration process in comparison with other drying treatments [3, 4] . Several factors, such as concentration of osmotic solution, processing temperature and time, agitation, material to solution ratio, and raw material characteristics have a high impact on the osmotic dehydration process [5] [6] [7] [8] .
The type of osmotic solution also plays an important role in the process, with salt solutions used for vegetables and sugar solution and syrups used for fruits. [1, 9] . Recent research has shown that use of sugar beet molasses as hypertonic solution improves osmotic dehydration processes [10] . Sugar beet molasses is an excellent medium for osmotic dehydration, primarily due to the high dry matter (80%) and specific nutrient content. From nutrient point of view, an important advantage of sugar beet molasses, as hypertonic solution, is enrichment of the food material in minerals and vitamins, which penetrate from molasses to the plant tissue [11, 12] .
Further studies were focused on the optimization of osmotic dehydration process, in order to develop rapid and effective removal of water using high molecular weight osmotic agents, as much as possible low temperatures and treatment times that could make the process efficient and practical [1, 2] .
Response surface methodology (RSM) is an effective tool for optimizing a variety of food processes including osmotic dehydration [13] [14] [15] . The main advantage of RSM is reduced number of experimental runs that provide sufficient information for statistically valid results. The RSM equations describe effects of the test variables on the observed responses, determine test variables interrelationships, and represent the combined effect of all test variables in the observed responses, enabling the experimenter to make efficient exploration of the process.
The objectives of here presented article were to investigate the effects of temperature, processing time, and concentration on the mass transfer phenomena during osmotic dehydration of carrot cubes in sugar beet molasses solutions, to model dry matter (DM), water loss (WL), solid gain (Sg), and water activity (a w ) as a function of the process variables and to find the optimum osmotic dehydration conditions.
Materials and methods

Material
Carrot samples were purchased in a local market in Novi Sad, Serbia, and stored at 4 °C until use. Initial moisture content, X o , was 89.65 ± 0.48%.
Sugar beet molasses was obtained from the sugar factory Pećinci, Serbia. Initial dry matter content in sugar beet molasses was 83.68%. For dilution of sugar beet molasses distilled water was used.
Osmotic dehydration
The carrot samples were washed thoroughly and peeled manually (using a stainless kitchen peeler). The peeled carrots were manually sliced into cubes, dimension 1´1´1 cm using a kitchen slicer. The amount of 100 g of sliced carrot cubes samples were prepared for each treatment. Different concentrations of sugar beet molasses (40.0%, 60.0%, and 80.0% dry matter) were used as osmotic solution. The effect of temperature was also investigated and the experiments were conducted at temperatures of 45, 55, and 65 ºC (tab. 1).
The carrot cubes were put in a glass jars with 1000 g of molasses solution with a material/solution ratio of 1:10 (w/w). The jars were placed in the heat chamber and process was performed without agitation. After each sampling time (1, 3, and 5 hours), which is determined according to the experimental design (tab. 2), the carrot cubes were taken out, washed with water and gently blotted with filter paper in order to remove the excessive water and weighed. Dry matter content of the fresh and treated samples was determined by drying the material at 105 °C for 24 hours in a heat chamber (Instrumentaria Sutjeska, Serbia). Water activity (a w ) of the osmotic dehydrated samples was measured using a a w measurement device (TESTO 650, Germany) with an accuracy of ±0.001 at 25 °C. Soluble solids content of the molasses solutions was measured using Abbe refractometer, Carl Zeis, Jenna, at 20 °C.
Evaluation of mass exchange between the solution and the sample during osmotic dehydration were made by using the parameters such as DM, WL, and Sg. In order to account for initial weight differences between the samples WL and Sg were calculated acording to the following equations: 
where m i and m f are the initial and final weight g of the samples, respectively, z i and z f -the initial and final mass fraction of water (g water /g sample ), respectively, and s i and s f -the initial and final mass fraction of total solids (g total solids /g sample ), respectively.
Response surface methodology
The RSM method was selected to estimate the main effect of the process variables on mass transfer variables and a w , during the osmotic dehydration of carrot cubes. The accepted experimental design was taken from Box et al. [16] . The independent variables were temperature (X 1 ) of 45, 55, and 65°C, osmotic time (X 2 ) of 1, 3, and 5 hours, molasses concentration (X 3 ) of 40, 60, and 80% (by weight), and the dependent variables observed were the response: A model was fitted to the response surface generated by the experiment.
The model used was function of the variables:
The following second order polynomial (SOP) model was fitted to the data. Four models of the following form were developed to relate four responses (Y) such as DM, WL, Sg, and a w to four process variables (X): 
Statistical analysis and verification of the experiments
The ANOVA and the RSM method, were performed using StatSoft Statistica, for Windows, ver. 10 program. The model was obtained for each dependent variable (or response) where factors were rejected when their significance level was less than 90%. The same program was used for generation of graphs and contour plots.
The graphs of the responses with significant parameters were superimposed to determine optimum drying conditions, plotted on optimization graphic. After the optimum conditions were established, separate experiments were performed for model validations of the models.
Results and discussions
The study was conducted to determine the optimum osmotic dehydration conditions for sliced carrot cubes. The experimental data used for the analysis were derived using the Box et al. [16] fractional factorial (2 level-3 parameter) design, 1 block. Table 2 shows the response variables as a function of coded independent variables for the analysis.
The ANOVA tables exhibits the significant independent variables as well as interactions of these variables. In this article, ANOVA was conducted by StatSoft Statistica, ver. 10 to show the significant effects of independent variables to the responses and which of responses were significantly affected by the varying treatment combinations (tab. 3). DM was significantly affected by all process variables, temperature, treatment time and, molasses concentration, at 95% confidence level. WL was also significantly affected by all process variables, at the same confidence level. Each of these responses was most affected by treatment time variable. Both Sg and a w was significantly affected by temperature, treatment time, and molasses concentration, but Sg reveal more sensitivity to the changes in molasses concentration. Water activity response was affected by temperature at 90% confidence level, as shown in tab. 3. Treatment time showed also greater influence on Sg and a w . Table 4 shows the ANOVA calculation regarding response models developed when the experimental data was fitted to a response surface. The response surface used a second order polynomial in the form of eq. (4) in order to predict the function f k , eq. (3), for all dependent variables. The analysis revealed that the linear terms contributed substantially in all cases to generate a significant SOP model. The SOP models for all variables were found to be statistically significant and the response surfaces were fitted to these models. The linear terms of SOP model were found significant, at 95% confidence level, and their influence were found most important in model calculation. Quadratic and cross-product source influence DM, also at 95% confidence level. WL was significantly affected by quadratic term of SOP model, at 95% confidence level, while Sg was affected by this term at 90% confidence level. Also shown in tab. 4 is the residual variance where the lack of fit variation represents other contributions except for the first order terms. A significant lack of fit generally shows that the model failed to represent the data in the experimental domain at which points were not included in the regression [17] . All SOP models had insignificant lack of fit tests, which means that all the models represented the data satisfactorily.
The coefficient of determination (r 2 ) is defined as the ratio of the explained variation to the total variation and is explained by its magnitude [18] . It is also the proportion of the variability in the response variable, which is accounted for by the regression analysis [19] [20] [21] . A high r 2 is indicative that the variation was accounted and that the data fitted satisfactorily to the proposed model (SOP in this case). The r 2 values for DM (0.999), WL (0.991), Sg (0.943), and aw (0.913) were very satisfactory and show the good fitting of the model to experimental results. Table 5 shows the regression coefficients for the response SOP models of DM, WL, Sg, and a w used by eq. (4) for predicting the values at optimum conditions. The contour plots developed from the approximating function of DM are shown from fig.  1 , while figs. 2-4 show the contour plots for WL, Sg, and a w , respectively. The contour plot for DM showed a saddle point configuration, and its value raised to the upper right corner of the plot, with the increase of all process variables, temperature, treatment time, and molasses concentration, which were consistent with literature values [1, 2] . Contour plots of both WL and Sg showed that maximum value was a bit lower then upper right corner of the plot, tending to grow with temperature and processing time. On the other hand, a w ( fig. 4 ) decreased with all process parameters. For the osmotic dehydration of carrot cubes in this study, the optimum conditions would have to be similar to the operating conditions from literature and meet the desired product specifications. The desired responses for the optimum drying conditions: DM of at least 50%, not greater than 60%, WL in the range of 0.7-0.8, Sg not greater than 0.09, and a w in the range of 0.84 to 0.86. The contour plots (figs. 1-4) were superimposed to ascertain the optimum osmotic dehydration conditions for carrot cubes. Figure 5 shows the superimposed graph of the dehydration conditions. An optimum operating area was derived and crosshatched and point A was deduced by approximating the optimum position in obtained area on each graph. Moving point A to the left of the obtained area, by decreasing osmotic temperature, would lead to the increase of time co-ordinate, and also molasses concentration, and translating this point to the right, would result in process temperature enhancement, while decreasing of processing time and molasses concentration. Optimization of the dehydration process is performed to ensure rapid processing conditions yielding an acceptable product quality and a high throughput capacity. The optimum osmotic drying conditions for carrot cubes are as follows: soaking time of 4 hours, sugar solution concentration and temperature of 66% and 60 °C. Deviating of point A ( fig. 5 ) to the right and upper corner will increase DM which is the most important response variable in osmotic dehydration as shown by the ANOVA, tab. 3, which will yield the optimum responses of osmotic system. To determine the adequacy of the SOP models, independent experiments were performed at optimum conditions for validation [18] . Table 6 shows the model validation results. As shown in the previous ANOVA tables, the predicted values were comparable to the actual values in the experiment. Very good coefficients of variation (CV) of less than 10% for all process variables were calculated. CV values higher than 15% for response variables show great influence to the statistically minor significance of its SOP model [18] . The low CV values for response variables DM, WL, Sg, and a w indicated the adequacy of these models. 
Conclusions
The experimental data used for the optimization study were obtained using a Box et al. fractional factorial design (2 level-3 parameter), 15 runs. The RSM algorithm was used to optimize the osmotic dehydration of carrot cubes utilizing DM, WL, Sg, and a w as responses. SOP models for all system responses were statistically significant while predicted and observed responses correspond very well. The optimum dehydration process parameters were found by superimposition of the contour plots of all responses, for treatment time of 4 hours, sugar beet molasses solution concentration of 66% and temperature of 60 °C were obtained for carrot cubes dehydration process. Predicted values of responses at optimum conditions were: DM of 50%, WL 0.74, Sg 0.09, and a w 0.86. 
